We have found that an important Th2 cytokine, IL-10, is produced by tissues from patients acutely infected with Leishmania donovani. In all individuals tested, IL-10 mRNA production was increased in lymph nodes taken during acute disease over that observed in postacute samples. In contrast, both preand posttreatment lymph nodes had readily detected mRNA for IFN-'y and IL-2. A down-regulating effect of IL-10 on leishmania-induced proliferative responses was demonstrated when Hu rIL-10 was added to cultures of PBMC from clinically cured individuals. PBMC from individuals with acute visceral leishmaniasis responded to stimulation with leishmania lysate by producing IL-10 mRNA. Simultaneously cultured PBMC collected from the same patients after successful chemotherapy produced no detectable IL-10 mRNA after leishmania antigen stimulation. Neutralizing anti-IL-10 mAb added to PBMC from patients with acute visceral leishmaniasis markedly increased the proliferative response to leishmania lysate. Finally, we observed mRNA for IL-10 and IFN-'y concurrently in a lesion from a patient with post-kala-azar dermal leishmaniasis (PKDL). These results indicate the production of IL-10 during L. donovani infection, and suggest a role for this cytokine in the regulation of immune responsiveness during visceral leishmaniasis. (J. Clin. Invest. 1993. 92:324-329.)
Introduction
Leishmania are protozoan parasites of macrophages and are thus in a position to both influence and be influenced by host cytokines. One such cytokine, IL-10, is of particular interest because of its antagonistic effects on IFN-y, a potent activator of macrophages for intracellular killing of leishmania ( 1 ). The production of IL-10 could influence the outcome of infection by partially blocking production ofIFN-y (2, 3) . Perhaps more importantly, IL-10 also has powerful effects on macrophages. These include down-regulation of antigen presentation (4, 5) , cytokine production (6, 7) , and ofmetabolic events associated with macrophage activation (8) . Thus, an important role of IL-10 in parasitic infections may be its ability to block the February 1993.
IFN-mediated activation of macrophages to kill intracellular protozoa (9) .
Human visceral leishmaniasis, caused by L. donovani or L. infantum in Africa, India, and Europe, or by L. chagasi in Latin America, is most often recognized as an acute infection with severe morbidity and high mortality in untreated cases. These patients are characterized immunologically as having high levels ofanti-leishmania antibody and low or absent leishmania-elicited T cell proliferation and cytokine (IL-2 and IFNy) production, responses which become positive upon recovery from acute disease, (10) (11) (12) . Delayed hypersensitivity responses to leishmania antigens parallel the in vitro lymphocyte response patterns ( 13, 14) .
The classification of murine CD4+ T cells into those producing Th 1 cytokines and those producing Th2 cytokines ( 15, 16) has proven to be a major advance in the elucidation of mechanisms of resistance and susceptibility to experimental leishmaniasis as well as other parasitic infections (reviewed in 17) . In murine leishmaniasis, the Th2 cytokines IL-4 and IL-10 have been associated with susceptibility to visceralizing cutaneous L. major infections ( 18, 19) . The production of active IL-10 has also been associated with genetic susceptibility to Trypanosoma cruzi in mice (9) . In both of these models, the Th 1 cytokine IFN-'y is the one that has been most closely associated with healing responses ( 18, 20) .
Cytokine production patterns in human visceral leishmaniasis, particularly with regard to the production of down-regulating Th2 cytokines, have not been well documented. Of particular interest is the production of cytokine or cytokine mRNA in lymphoid tissue, as well as in leukocytes of the peripheral circulation. In the present study, we have determined that an important Th2 cytokine, IL-10, is produced during human infections with L. donovani and provide evidence for a role for IL-10 in regulating aspects of T cell responses in visceral leishmaniasis patients.
Methods
Patient material. Patients with visceral leishmaniasis and post-kalaazar dermal leishmaniasis (PKDL) were seen at the University of Khartoum Soba hospital. Active visceral leishmaniasis was identified clinically by fever ofmore than two-wk duration, hepatosplenomegaly, and pancytopenia. Diagnosis was confirmed by the identification of leishmania amastigotes in impression smears obtained from the lymph node, bone marrow, and/or spleen. Epitrochlear lymph nodes were excised from patients available for both pre-and posttreatment evaluation following informed consent. Lymph nodes were snap frozen for subsequent freeze sectioning. cloned by PCR from mitogen-stimulated PBMC from normal donors using oligonucleotide primers designed to amplify a 535 base pair fragment spanning the entire coding region of HuIL-10 (24). The cDNA was subcloned into P-Bluescript and digested with BamHI/EcoRI for isolation of insert. DNA fragments were excised from agarose gels, electroeluted, and purified as described (25) . Radiolabeled 32P-probes were prepared by random priming (26) .
Southern analysis. PCR products were analyzed by electrophoresis on 1.5% agarose gels, transferred to nylon membranes, and probed with the appropriate 32P-labeled DNA insert. Hybridization was performed at 550C overnight. Posthybridization washes were at 550C for 20 min twice each with 2X, and I x SSC containing 0.2% SDS.
Reagents. Hu rIL-O0 and neutralizing anti-Hu IL-10 (JES3-19F1 ) were gifts of DNAX Research Institute, Palo Alto, CA. Both reagents had < 0.1 U of endotoxin.
Results
Production ofIL-JO by lymph nodesfrom visceral leishmaniasis patients before and after chemotherapy. Acute visceral leishmaniasis patients are leukopenic, but have hyperplasia of secondary lymphoid organs. Thus problems such as selective depletion and altered trafficking of PBMC could influence results obtained by studying these cells. To obtain a more complete picture of the cytokine response during acute and postacute disease, we examined lymph nodes taken from four individuals before and after a standard regimen of Pentostam chemotherapy of 30-d duration, as well as from uninfected US donors. Leishmania were detected in sections of lymph nodes taken before, but not after treatment (not shown). A semi-quantitative PCR for select cytokines was performed on frozen sections of lymph nodes. To normalize for total tissue and T cell mRNA, control PCR were performed using B actin and CD3. To verify that PCR was performed within the range oflinearity, serial dilutions of cDNA were used in the PCR, which resulted in corresponding decreases in PCR product.
In comparing lymph node cytokine patterns between acute and convalescent patients, striking differences were observed in the expression of IL-10 mRNA, which was present in lymph nodes from all four individuals with acute visceral leishmaniasis. In contrast, little or no IL-10 mRNA was detected in nodes from the same patients following successful chemotherapy (Fig. 1) . Differential expression of IL-4 mRNA was detected in acute vs. posttreatment lymph nodes of two patients (Fig. 1,  patients 3 and 4) . However, no IL-4 mRNA was detected in nodes from one patient, and no difference was seen in comparative samples from another. Message for these cytokines was not detected in lymph nodes from uninfected individuals. These results indicated that lymphoid tissue RNA expression of a major Th2 T cell cytokine, IL-10, and, to a lesser extent IL-4, was elevated in acute visceral leishmaniasis.
Comparative analyses of Th 1 cytokine mRNA production were performed on the same lymph node sections. IFN-y mRNA was detected in visceral leishmaniasis patient lymph nodes both before and after treatment, with no apparent differences in amounts at the two time points. IL-2 mRNA, although present in most of the pretreatment samples, appeared to be more abundant after treatment in three of the four patients. Thus there was not a clear pattern of differential expression of these Th 1 cytokine productions between acute and cured patients; in general, mRNA for both IL-2 and IFN--y was expressed in lymph nodes from both stages of infection.
Effects ofIL-i 0 on the in vitro proliferation ofvisceral leishmaniasis patient PBMC. IL-10 has been described as having several types of down-regulating effects on immune responses. Because ofthe finding that abundant IL-10 mRNA was present in acute but not in postacute patient lymph nodes and sera, we examined the possibility that IL-10 could have a role in the lack of antigen-driven proliferative responses traditionally associated with acute visceral leishmaniasis.
PBMC from three individuals with postacute visceral leishmaniasis were cultured with or without L. donovani lysate, in the presence or absence ofhuman rIL-10, in a standard proliferation assay. As expected, the PBMC proliferated in response to leishmania lysate (Fig. 2) (Fig. 3) . Maximum IL-10 mRNA production was obtained 48 h after antigen stimulation (other time points not shown). PBMC cultured in the absence of leishmania lysate did not produce IL-1O mRNA. In one individual, IL-10 mRNA was detected in PBMC not cultured in vitro, although apparently increased IL-10 mRNA was also observed in this individual following stimulation with leishmania lysate. In contrast, none of the PBMC collected after chemotherapy produced IL-10 mRNA, with or without antigenic stimulation. These results demonstrate that PBMC from patients with acute visceral leishmaniasis can, in fact, respond to leishmania antigen(s). This response differs from that of cells from convalescent individuals in that it results in the production of IL-10 mRNA rather than proliferation or production of IL-2 and IFN-'y mRNA. As expected, the opposite was observed with regard to IL-2 mRNA production. PBMC from convalescent, but not from acute patients, had IL-2 mRNA whether or not they were stimulated with leishmania lysate (not shown). These (10) .
Anti-IL-JO increases the proliferation ofPBMCfrom acute visceral leishmaniasis patients. The production of IL-10 by antigen-stimulated PBMC could be important in decreasing 326 Ghalib, Piuvezam, Skeiky, Siddig, Hashim, El-Hassan, Russo, and Reed (Fig. 4 ). An isotype matched control mAb had no effect on proliferation. Results from this experiment and from the PCR studies illustrated in Fig. 3 indicate that antigen-induced IL-1O production by visceral leishmaniasis patient PBMC may be responsible, at least in part, for the lack of leishmania-specific proliferative responses ofthese cells in vitro.
Cytokine production in PKDL. Nonulcerative cutaneous lesions may develop in both Indian and African visceral leishmaniasis following resolution of acute disease. The cytokine profile of either the lesions or the PBMC from these patients has not been described. PBMC from two PKDL patients as well as a lesion biopsy from one such individual, were examined for the production of IL-1O and IFN-y mRNA. Both individuals' PBMC produced mRNA for IFN-y, but not for IL-IO, upon in vitro stimulation with leishmania lysate (Fig. 5) . Unstimulated cells did not produce mRNA for either cytokine. Lesion biopsy tissue from one of the PKDL patients was analyzed for cytokine mRNA by PCR, and found to have strong expression of IFN-'y, IL-2, IL-4, and IL-10. Thus, a PKDL lesion expressed No detectable PCR products for these cytokines were detected in normal skin biopsies (not shown).
Discussion
Studies in mouse models of parasitic infection have associated the two general groups of T cell cytokines with key regulatory roles in determining disease outcome. IL-10 is reportedly produced by genetically susceptible, but not resistant, mice infected with either L. major or T. cruzi, and this important Th2 cytokine is unique in that it can decrease both the production and effective utilization ofIFN-'y, a Th I cytokine. IFN-'y is the cytokine most closely associated with resistance to infection with protozoan parasites. Macrophages can be effectively activated by IFN-y to kill leishmania in vitro, and presumably in vivo as well (27, 28 that activate macrophage killing mechanisms as well as cytokines that block activation of these cells can be critical in determining disease outcome. Clinically, acute L. donovani or L. chagasi infections are typically nonhealing and are characterized by pancytopenia, splenomegaly, and lymphadenopathy. Certain immunological parameters, including high levels ofparasite-specific antibodies and a lack of either parasite-elicited T cell proliferation or the production of biologically active IL-2 and IFN-y may suggest that a Th2 cytokine response predominates during acute disease. Visceralized L. major infections in BALB/c mice have parallels with human infections, both in terms of pathogenesis and immunological parameters. In these animals, IL-4 and IL-10 are associated with susceptibility, most evident by the prevention of disease by treatment with anti-IL-4 mAb (18) . A lack of IFN-'y production has been associated with disease progression in mice infected with L. major ( 18) . However, in experimental acute T. cruzi infections, IFN-y production occurs in both susceptible and resistant mice, and it appears that the production of macrophage-inactivating cytokines, such as IL-10, is the determining factor in disease susceptibility (9) .
Similarly, a dominant pattern of Th 1 or Th2 cytokine production cannot be ascribed to human visceral leishmaniasis. The lymphoid tissues of patients with acute infections were characterized by both Th 1 and Th2 cytokine production. In all patients tested, there was a clear pattern of IL-10 production during acute disease, and an absence of IL-10 after chemotherapy. However, IFN-'y was present in both acute and treated patient samples, demonstrating that a Th 1 cytokine response was not absent in these individuals. This observation indicates that the presence of IL-10, shown to be produced by both Th 1 and Th2 T cells in humans (29) , rather than the absence of IFN-y, is characteristic of uncontrolled human visceral leishmaniasis. Similarly, others have shown that susceptible BALB/ c mice also produce both Th 1 and Th2 cytokines during active leishmaniasis (30, 3 1 ). It is likely that cytokines such as IL-10 and IL-4, which down-regulate macrophage function, are important in the persistence of leishmania within their host cells. The detection of these cytokines in a PKDL lesion could help explain the persistence of parasites in these lesions even in the presence of IFN-y production.
In this study, we demonstrated that PBMC from acute visceral leishmaniasis patients had the ability to respond specifically to leishmania antigens by production of IL-10. This observation is important for several reasons. It suggests that acute patient T cells, generally believed to be unresponsive to leishmania antigen, can respond by producing IL-10. As opposed to solely measuring cytokine in tissues from acutely ill patients, this antigen specific IL-10 production lends particular relevance to the role of IL-10 in visceral leishmaniasis. The observation suggests further studies to define leishmania antigens capable ofeliciting IL-0 production. It may also be speculated that genetically influenced cytokine production patterns could determine the course of human leishmania infection.
Several cell types can produce IL-10, including B cells, T cells, and macrophages (6, 32) , and the cell source(s) of the IL-10 seen in visceral leishmaniasis patients remains to be established. It is possible that macrophage production ofIL-IO in response to leishmania infection as well as IL-10 production by T cells in response to leishmania antigens are both important for down-regulating T cells responses. This role for IL-10 was supported by the finding that neutralizing anti-IL-1O mAb increased leishmania-specific proliferative responses of acute patient PBMC. In preliminary studies, we have observed elevated serum IL-10 levels in three of four acute visceral leishmaniasis patients tested, with a mean of 2.7 (SD 0.85) ng IL-10 per ml vs. undetectable levels (less than 62 pg/ml) in healthy US and Sudanese controls, as determined by ELISA. Currently, nothing is known about the relevance of serum IL-10 in human disease, and these preliminary observations on serum levels must be considered of secondary importance to our findings of IL-10 in tissues and the active production of IL-10 by patient PBMC. However, the finding of IL-10 in patient sera, our demonstration of an antigen-specific antiproliferative effect of IL-10 in vitro, and earlier reports that sera from visceral leishmaniasis patients contain substances capable ofinhibiting proliferative responses (33, 34) , may suggest a role for IL-10 in down-regulating in vivo immune responses. In this regard, others have reported increased serum IL-4 in visceral leishmaniasis patients (35) .
In the present report, we have documented a correlation between IL-10 production and disease in a human parasitic infection. An association of increased IL-1O with pathogenesis has also been made in human leprosy (36) . It appears that cytokines that decrease macrophage and T cell responses, such as IL-0, IL-4, and TGF-fl (37), may be critical in the pathogenesis of leishmania infections. Induction of these cytokines may be a key component of the virulence of macrophage parasites, and neutralization of these cytokines may represent a target for control of such infections.
